The role of the soft rot bacterium, Erwinia carotovora subsp. carotovora (Jones) Bergey et al., as a source of inoculum for soft rot of Chinese cabbage was examined by spraying a rifampicin-resist strain (RRS) on spring and summer-sown Chinese cabbage (cv. Matsushima-kohai W-1116) leaves. The organism was then suspended in sterilized water at a concentration of 106cfu/ml and 2.0ml per plant was sprayed on the leaves at 20, 33, 47 and 60 days after seeding. In addition, 2.0ml/plant of the suspensi at 108, 106, 104, 102 or 100cfu/ml were sprayed on the leaves at 45 days after seeding, respectively. The RRS sprayed on leaves of Chinese cabbage survived until harvest, but most of the plants were disease at 50-60 days after seeding both in the sprayed and control plants. Disease severity did not differ betwee the sprayed and control plants in the spring-and the summer-seeded crops except for the middle growin stage of the spring crop. The RRS from soft, rotten petioles and rhizosphere soil of diseased plants were reisolated by dilution plating onto modified Drigalski's medium containing rifampicin (RMDM). The RRS was predominantly reisolated from rotten tissues and rhizospheres of the diseased plants, irrespective of the spraying time and concentration of the used strain. Naturally occurring soft rot bacteria wer detected on leaf surfaces of the plant at a population level of 105-106cfu/g of fresh tissue at 76 days after seeding in the spring crop and at 33 days after seeding in the summer crop. Soft rot bacteria artificiall sprayed on leaves of Chinese cabbage survived until harvest and played a role as a source of inoculu for soft rot disease of Chinese cabbage in the field.
INTRODUCTION
Soft rot of Chinese cabbage (Brassica campestris, pekinensis group) is one of the most destructive plant diseases in Japan10,21) The disease is caused by Erwinia carotovora subsp. carotovora (Jones) Bergey et al. in the soil10, 18, 21) . The disease usually appears at the base of the leaves, mostly from the wrapping stages of growth10, 18, 21) . Because the organism grows exclusively in the soil in contact with the base of the leaves and in the rhizosphere of the plant at the same growing stage10,18), these areas, as well as infected plant parts could be an important source of inoculum for the disease. On the other hand, the disease also occurs in the upper parts of the leaves and in the inner part of the head that is not in contact with the soil11). Reports show that the organism can grow epiphytically on the leaves for long periods9, 10, 21) . Thus, the organism on the leaves may also be an effective source of inoculum in the field. However, an organism which is distinctly marked has not been used in the studies.
The present study was carried out to determine whether, a rifampicin-resistant strain (RRS) of the soft rot bacterium, Erwinia carotovora subsp. carotovora (Ecc) sprayed on leaves can be an effective source of inoculum for soft rot of Chinese cabbage in the field.
MATERIALS AND METHODS

Experimental field
The field is located at the Yamagata University Farm, Tsuruoka, Yamagata Prefecture which has been continuously used for Chinese cabbage cultivation for more than 10 years. Reisolation of RRS from rotten tissues and rhizosphere of sprayed plants The RRS was reisolated from both rotten tissues and rhizosphere soil irrespective of the spraying time. As shown in Table 5 , the RRS was reisolated from all the spring-seeded, diseased plants, except from plants sprayed on June 30. The number of colonies on RMDM was the same as that on MDM indicating that the isolates predominantly belonged to the RRS and caused the soft rot. In plants sprayed on June 30, the RRS was reisolated from fewer plants. In addition, fewer colonies grew on RMDM than on MDM.
In the summer-seeded crop, the RRS was predominantly reisolated from both rotten tissue and rhizosphere soil (Table 6 ). However, the RRS was reisolated from fewer of the plants that were sprayed at the harvesting stage (Oct. 4) just as observed in the spring crop. Regardless of the initial inoculum concentration, the RRS was reisolated from the majority of both rotten Table 3 . Survival of the RRS sprayed on leaves of Chinese cabbagea)
a) The RRS was sprayed at 20 days after seeding. b) Days after spraying. at a population of 105-106cfu/g of fresh tissue. Soft rot bacteria on leaves seem to originate from the soil11) deposition by insects5,13), bacterial aerosol4,15,16) and splash dispersal by wind and rain as found in Ps. pseudoalcaligenes subsp. konjaci causing bacterial leaf blight in konnyaku6) and Ps. syringae pv. tabaci causing wild fire in tobacco14). Hence, the soft rot bacteria on the leaves of Chinese cabbage are likely to be a source of inoculum for the soft rot disease in the field. To gain precise information on the role of soft rot bacteria on the leaves of Chinese cabbage as a source of inoculum for the soft rot disease, the organism must have a distinguishing characteristic such as antibiotic resistance or phage sensitivity.
A RRS was used as a marker for epidemiological studies with Ps. putida2), Ps. syringae pv. syringae8) and Clavibacter michiganensis subsp. michiganensis3). A RRS of the soft rot bacterium was also used in the present study. Its growth rate in nutrient broth and its pathogenicity did not differ from those of the parent strains. The RRS sprayed artificially on the leaves of the Chinese cabbage at an early stage of growth remained at 102-105cfu/cm2 of petiole epidermis until harvest. Soft rot occurred about 50 days after seeding in sprayed plants as was also found in unsprayed control plants. With a few exceptions, the disease severity did not differ between the sprayed and unsprayed (control) plants. However, the number of colonies sampled from the diseased plants on the RMDM plates was nearly equal to that on the MDM plates, indicating that most of the reisolates were RRS. Suffice it to say that the RRS was predominantly reisolated from the rotten tissues and the rhizosphere soil of the sprayed plants. The level of reisolated RRS on plants and in rhizospheres was not significantly influenced by the initial spraying time and inoculum concentration.
Soft rot of Chinese cabbage also occurs in sterilized soil20) signifying that the soft rot of Chinese cabbage is not always solely caused by the organism from the infested soil. Moreover, the RRS sprayed on the leaves can persist until harvest irrespective of the spraying time and can cause soft rot disease in the field.
Ps. cichorii causing bacterial rot in lettuce colonizes on the leaves of lettuce during head formation as an epiphyte. The disease becomes apparent when the population density of the organism exceeds 105cfu/g of fresh tissue after head formation7). Although the RRS was sprayed on leeaves at high concentrations (106 and 108 cfu/ml), the soft rot disease was observed mostly after the late wrapping stage which corresponds to 50-60 days after seeding. The results show that the occurrence of the disease depends largely on the stage of plant growth in addition to the source of inoculum. The RRS also existed in the rhizosphere soil of the sprayed plants at a population level of 105-108cfu/g of dry soil. Further investigations are needed to explain these phenomena.
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